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••  Chromatic Effect in theChromatic Effect in the
Gun SolenoidGun Solenoid

••  Towards a SuperconductingTowards a Superconducting
High Brightness PhotoinjectorHigh Brightness Photoinjector



Gun Working PointGun Working Point
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Matching Conditions with the LinacMatching Conditions with the Linac
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Linac Working PointLinac Working Point

The emittance compensation occuring in the booster when theThe emittance compensation occuring in the booster when the
invariant envelope matching conditions are satisfied is actuallyinvariant envelope matching conditions are satisfied is actually

limited by the head and tail slice behaviorlimited by the head and tail slice behavior



these slices also  carry the most pronounced energy spreadthese slices also  carry the most pronounced energy spread



Simple Case: Transport in a Long SolenoidSimple Case: Transport in a Long Solenoid
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s = s eq + ds ds ' ' + 2ks
2ds = 0

Small perturbations around the equilibriumSmall perturbations around the equilibrium
solutionsolution

Same PlasmaSame Plasma
FrequenciesFrequencies

s x( ) = s eq x( ) + s x( ) -s eq x( )( )cos 2ks z( )
s ' x( ) = - 2ks s x( ) -s eq x( )( )sin 2ksz( )

Different AmplitudesDifferent Amplitudes
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Bunch with a Linear Bunch with a Linear Energy SpreadEnergy Spread
CorrelationCorrelation
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BeatingBeating in Emittance Oscillations in Emittance Oscillations



On a longer time scaleOn a longer time scale



increasing the initial envelope offset the emittance evolution isincreasing the initial envelope offset the emittance evolution is
dominated by the beating term and the original minimum isdominated by the beating term and the original minimum is

recovered only after a longer periodrecovered only after a longer period



Scaling with Scaling with gg
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Towards a Towards a 
Superconducting High BrightnessSuperconducting High Brightness

RF PhotoinjectorRF Photoinjector
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Main Questions/ConcernsMain Questions/Concerns

•• RF Focusing vs Magnetic focusing ? RF Focusing vs Magnetic focusing ?

•• High Peak Field on Cathode ? High Peak Field on Cathode ?

•• Cathode Materials and QE ? Cathode Materials and QE ?

•• Q degradation due to Magnetic Field ? Q degradation due to Magnetic Field ?





No No independent tuningindependent tuning of accelerating field and RF of accelerating field and RF
focusing focusing effectseffects

Transverse non Transverse non linearitieslinearities
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Recent results allow us toRecent results allow us to
look for a simpler designlook for a simpler design

(PAC 2003)(PAC 2003)



SCRF GUN



Laser CleaningLaser Cleaning

QE limited by surface morphology degradationQE limited by surface morphology degradation



2 10-5

4 10-5

6 10-5

8 10-5

0.0001
0.00012
0.00014
0.00016
0.00018

0 10 20 30 40 50 60 70

BNL_SCRF_CAT

QE

Q
E

G [MV/m]

SCRF GUN

Measured

Limited by the available voltageLimited by the available voltage

Measurements at room T onMeasurements at room T on
a dedicated DC systema dedicated DC system

Extrapolation toExtrapolation to
Higher FieldHigher Field



Ready for cold test:Ready for cold test: QE? Thermal Effects? QE? Thermal Effects?



Splitting Acceleration and FocusingSplitting Acceleration and Focusing

25 cm
10 cm

50 cm

•• The Solenoid can be placed downstream the cavity The Solenoid can be placed downstream the cavity

•• Switching on the solenoid when the cavity is cold prevent any Switching on the solenoid when the cavity is cold prevent any
trapped magnetic fieldtrapped magnetic field



L-band SC gun design with coaxial couplerL-band SC gun design with coaxial coupler
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B     = 1.9 kG (Solenoid)B     = 1.9 kG (Solenoid)
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6 MeV6 MeV

3.5 m

scaling laws for Q and Escaling laws for Q and Epeakpeak available available



PARMELA simulationsPARMELA simulations
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CONCLUSIONSCONCLUSIONS

••  RF focusing is not necessaryRF focusing is not necessary

•• 60 MV/m peak field in SC cavity have been already 60 MV/m peak field in SC cavity have been already
demonstrateddemonstrated

•• Work in progress @ BNL to demonstrate Nb QE ~ 10 Work in progress @ BNL to demonstrate Nb QE ~ 10-4-4

@ 60 MV/m@ 60 MV/m

•• Multibunch effects Multibunch effects

•• The new working point for a Split Photoinjector can be The new working point for a Split Photoinjector can be
easily adopted by a SCRF guneasily adopted by a SCRF gun


